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A number of benzo-fused cyclooctatetraene derivatives
have been synthesized. We report here the synthesis of the
phenanthro-fused derivative, namely, benzo[a]phenanthro-
[9,10-e]cyclooctene (17). Many different synthetic pathways,
e.g. bis-Wittig reaction; condensation reaction followed by
alcoholysis, acidification, and decarboxylation reaction;
Diels-Alder reaction followed by in situ debromination
reaction, have been attempted but unfortunately they all
failed to provide the target molecule.
The realization of the target molecule was achieved
finally by employing the conversion of an 'allyl' alcohol to
an 1,3-diene by sequential sulfenate-sulfoxide [2,3]
sigmatropic rearrangement and syn elimination followed by a
disrotatory ring opening.
TV. Tnt.rodnrliAn
The structure of benzene was proposed by Kekule about
120 years ago. By that time, he did not explain the low
reactivity of benzene and its preference for substitution
rather than addition reaction. Hvickel proposed on the basis
of molecular orbital theory that six, rather than four or
eight, -electrons formed a stable system. Hhckel's rule
associates aromaticity to monocyclic [4n+2] (where n is an
integer) systems and states that these [4n+2] systems would0
be more stable than the [An] systems. Later theories have
suggested that the [An] systems would be destabilized by
delocalization and would, in fact, be anti-aromatic. In the
[4n jannulene family, the properties of cyclooctatetraene
(COT) (1) are completely different from those of the larger
[An]annulenes. COT is nonpianar and is best represented by a
tub or boat conformation. It belongs to D2d symmetry
point group. Such a structure is almost strainless with
normal polyene character. Furthermore, it is nonaromatic and
the adjacent rr bonds are unable to overlap effectively.
l
In order to make COT planar, two problems must be
solved: (1) geometrical strain caused by planar conformation;
(2) pseudo Jahn—Teller effect which comes into operation
with the unfavorable arrangement of the molecular orbitals in
the planar symmetrical COT. Considerable research efforts
have been made to achieve this interesting compound and can
5
be roughly classified as (1) Electronic Method: adding or
substracting electron(s) from the system can change the
electronic configuration and indeed the pseudo Jahn-Teller
effect will no longer be operative. (2) Annealation of
%
Strained Ring Method: strained ring annealation will diminish
the symmetry of the planar COT and hence relieve the molecule
from suffering the pseudo Jahn-Teller effect. Also the rigid
planarity of those small ring forces the coplanarity of COT.
(3) Acetylene Incorporation Method: planar COT was
synthesized by introducing one or two triple bond to COT.
The strained sp-sp hybrid bond was responsible for planarity
and bond alternation effect caused by triple bond makes the
pseudo Jahn-Teller effect inoperative. This method will be
discussed in more details later on. (4) Organometallic
Complexation Method: COT and its derivative have been found
to be planar when they form organometallic rr- complexes.
In this thesis, our aim is to apply acetylene
incorporation method to realize a presumably planar
cyclooctatetraene compound.• The pioneering work in this
field was the synthesis of cycloocta-1,3,5,-trien-7-yne (2)
by Krebs in 1965 6, but unfortunately, the compound could not
be isolated due to its high reactivity. Its existence was
only proved by trapping with a variety of reagents.
In the recent years, many related compounds were
synthesized, some of. them were stable and isolable, and some
of them were unstable and their existence was proved by
trapping reactions. Some of these examples are: 5,6-di—
dehydrodibenzo[a,e]cyclooctene (3), 5,6,11,12—tetradehydro-










The stability of the planar aehyaro[8]annulenes can
roughly be compared according to their possibility of
isolation and rate of decomposition under normal conditions,
figure 1 shows the comparison. The following conclusions car-
be drawn:
(1) Dehydro[8]annulenes are stabilized when fused with
aromatic ring,
(2) Diacetylene compounds are more stable than monoacetylene
compounds,
(3) The compound will be much more stable when its acetylenic
group is kinetically protected from nucleophilic attack.
Figure 1 Stability Comparison
Moreover, enhancement of stability by benzannelation to
planar conjugated eight—membered carbocvcles is suooorted bv
i
MINDO3 calculation. In this calculation, it was found
that m each of the oenzo derivatives, the common bond
shared by the two rings is significantlv lengthened in
comparison with other bonds in the benzene moiety. Thus the
angle strain in the eight member ring was somewhat reduced.
The result is quite in agreement with the X-ray data of
compounds 3, 4, and T. In compounds 3, 4, and 7,
their C4a~ci2a bon(i lengths are 1.42 5 A, 1.42 2 'A, and 1.412 A
respectively, which are even longer than the bond length of'
benzene (1.39 A).
It is a great challenge to attempt the synthesis of a
stable derivative of planar dehydrc[8]annulene with bond of
fusion comparable to a double bond length. In order to
satisfy all the requirements, an aromatic compound
phenanthrene (3) was chosen, whose Cg-C1Q bond would be used
to fuse with COT. 5,6,15,16-Tetradehydrobenzofa]phenanthro—
(9,10-e 1cyciooctene (9) and 9, 10,19,20-tetradehydrodiphen-

















Phenanthrene was chosen because of the following reasons:
(1) The aromaticity of phenanthrene is resoonsible for
stabilizing the presumably planar COT,
(2) The Cg-C. bond of phenanthrene is well known to possess
high 7r-bond order, all' the resonance structures are
shown in figure 2 and it is clear that the Cg-C10 bond
has 45 7r-bond. In fact, X-ray analysis shown that the
length of the bond of phenanthrene is 1.341 A
which is almost equal to the double bond length of ethene
(1.34 A). Furthermore, there is one example
demonstrating that phenanthrene-annelated aromatic
compound would not affect the high ?r-bond order of the
9,10-bond of phenanthrene,
(3) The protons at 1 and 8 positions might impede
oligomerization reactions, thereby kinetically stabilize











V. Results and Discussion
In the synthesis of 5, 6,15,16-tetradehydrobenzo[a]-
phenanthro[9,10-e]cyclooctene (9) the most important
precursor is benzo[a]phenanthro[9,10-e]cyclooctene (17).
Many classical methods have been recorded in the literature
concerning the synthesis of cyclooctatetraene. However, it
was found that the chemistry of phenanthrene was quite
different from those of benzene and napthalene due ironically
to the high bond order of the 9,10-bond of phenanthrene.
In the following sections, attempted syntheses of
benzo[a]phenanthro[9,10-e]cyclooctene (17) will be reported.
A. Bis-Wittig reaction approach
Many similar planar dehydro[8]annulenes were synthesized
by using bis-Wittig reaction, for example, 1,2,5,6-tetra-
dehydro-3,4:7,8-dinaphtho[fc ]cyclooctene (13) and 1,2,5,6-
17
tetradehydro-3,4-benzo-7,8-naphtho[b]-cyclooctene (IS)
(Scheme I). The bisphosphonium salt 11 and the dialdehyde 12
or 14 were treated with lithium ethoxide in absolute ethanol.
After bromination and dehydrobromination, the presumably
planar cyclooctatetraene derivatives were obtained.
Apparently, the starting materials for the synthesis of 17 by




















triphenylphosphonium bromide) (16) and o-phthalaldehyde (14)
(Scheme II).
The bisphosphonium salt 16 was prepared by a six stems
synthesis shown in scheme III. Bromine was allowed to react
with phenanthrene (8). Hydrogen bromide was eliminated to
maintain the aromaticity of the compound, giving
9-bromophenanthrene (19). The product was vacuum distilled,
bp 161-182 °C 0.1-0.2 mmHg (lit. 177-190 °C 2 mmHg 1S).
White crystalline product was obtained by crystallization
from acetone- hexanes- 95% ethanol in 60% yield, mp 62-63 °C
(lit. 65-66 C).
9-Methylphenanthrene (20) was synthesized according to
Lambert and Martin's procedure. Bromide 19 was treated
with magnesium to give the corresponding Grignard salt. It
was in turn methylated by dimethyl sulphate. The reaction was
highly exothermic and the Grignard salt should be cooled
before the reagent was added. After the reaction, the
solution was refluxed with sodium hydroxide solution to
decompose any unreacted dimethyl sulphate. 9-Methyl¬
phenanthrene (20) obtained by this method was rather pure,
recrystallization from 95% ethanol provided pale yellow
crystals in 90% yield, mp 86—88 C (lit. 84—86 C, 90—91 C
20.
21
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Again g-CQ ond the phenanthrene 20 was brominated as a
characteristic double bond, hydrogen bromide was eliminated
simultanously to maintain the aromaticity of the ohenanthrene
ring, yielding 9-bromo-10-methylphenanthrene (21). This
procedure was better than that of using acetic acid as
solvent', for it gave higher yield and was easier to
handle. After recrystallization from 95% ethanol, 73% of 21
was obtained, mp 119-121 °C (lit. 119-120 °C 19, 117-118 °C
21)•
9,10—Dimethylphenanthrene (22) was synthesized by means
of Grignard reaction according to DeRidder and Martin's
procedure. After usual work-up, the product was
recrystallized from 95% ethanol to furnish excellent yield
(92%) of pale yellow crystals, mp 138.5-140 C (lit.
140.5-141 C).
Bromination of 9,10-dimethylphenanthrene (22) via
radical mechanism gave 9,10-bis(bromomethyl)phenanthrene
(23). It was interesting that if bromine and sunlamp (500W
or 200W) were used in the bromination, good yield of
dibromide 23 was obtained (77%). However, if N-bromo-
succinimide (NBS) and radical• initiator (e.g. benzoyl
peroxide) were employed, only approximately 15% of the
desired product 23 was obtained together with some
unidentified side products after chromatography. The
dibromide 23 obtained was recrystallized from
dichloromethane, mp 235.5-237.5 °C. 1NMR (NMR-5), 5 5.13 (s,
4H) f 7.71-7.75 (m, 4H), 8.21-8.25 (m, 2H), 8.72-8.76 (m, 2H).
9,10-Bis(bromomethyl)phenanthrene (23) was treated with
triphenylphosphine using dimethylformamide (DMF) as solvent.
After the reaction, DMF was removed under reduced pressure
and the product obtained was refluxed with hexanes to remove
any unreacted triphenylphosphine. It was then dissolved in
acetone and upon evaporation of the solvent, phenanthrene-
9,10-bis(methylenetriphenylphosphonium bromide) (16) was
obtained as white solid. It should be noted that the salt
can absorb moisture when it is air-dried and becomes viscous.
The salt obtained was dried under vacuum, to give excellent
yield (92%), mp 253-255 °C. 1H NMR (NMR-6), 5 5.3-5.6 (m,
4H), 7.2-8.1 (m, 36H), 8.5-8.7 (m, 2H).
The bisphosphonium salt 16 was allowed to react with
o-phthalaldehyde (14) using lithium ethoxide as base and DMF
as solvent. After work-up, the reaction products were
separated by column chromatography. Unfortunately, no
cyclooctatetraene 17 was obtained. The only identified major
products were triphenylphosphine and triphenylphosphine
oxide. The elimination of triphenylphosphine indicated that
the bis-Wittig method was unsuccessful. This result seems
quite in agreement with Elix, Sargent, and Sondheimer's
2 2
conclusion. According to their work in bis— Wittig
reactions, they found that the bis-Wittig reaction between a
diaidehyde and furan-3,4-bis(methylenetriphenvlphosphonium
chloride) (19) usually resulted in higher yield of coupling
product than when the corresponding benzenoid salt 20 was
employed. The improved yield was presumably related to the
observation that 19 gave no triphenvlphosphine on treatment
with lithium ethoxide in DMF. The lack of elimination was
accounted for by the low bond order of the 3,4-furan bond of
19. In contrast, high bond order of the 9,10-bond of
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Elix ana Sargent suggested that triphenylphosphine was
2 3
formed through a 1,4-elimination in the monoylide. In
this sense, 1,4-elimination of the monoylide in the case of
phenanthrene-9,10-bis(methylenetriphenylphosphonium bromide)
(16) will be more probable (Figure 3), due to the higher bond



















Alternatively, the bis-Wittig strategy according to
scheme IV was tried. o-Xylylenebis(triphenylphosphonium
bromide) (24) was synthesized from o-xylylene dibromide and
triphenylphosphine according to Griffin's procedure.
Nearly quantitative yield of product was obtained. The
synthesis of phenanthrene-9,10-dicarbaldehyde (25) was
attempted via oxidation of 9,10-bis(dibromomethyl)phen-























9,10-Bis(dibromomethyl)phenanthrene (26) was synthesized
in one step from 9, 10-dimethylphenanthrene (22), but
photobromination of 9,10-dimethylphenanthrene (22) according
to this literature procedure gave no desired tetrabromide 26,
9,10-bis(bromomethyl)phenanthrene (23) was obtained instead.
Tetrabromide 26 was finally obtained by treating dibromide 23
with N-bromosuccinimide (NBS) in carbon tetrachloride under
illumination of a 200W sunlamp at refluxing temperature for 10
hours. After work-up, the crude product was recrystallized
from chloroform ethanol, pure tetrabromide 26 was obtained in
63% yield, mp 234-235 C (lit. 233-234 C).
When the tetrabromiae 26 was treated with (i) Dotassium
oxalate in O dioxane; (ii) silver acetate in glacial
acetic acid; (iii) concentrated sulphuric acid no
phenanthrene—9,10—dicarbaldehyde (25) was obtained. Starting
material was recovered in case (iii), and in case (i) and
(ii), an unknown compound was obtained. According to mass
spectrometric analysis, the unknown compound contained
several strong peaks: 234, 205, 176 etc. which seemed to
correspond to the M, M -CH0, and M'-2CH0 of the dialaehyae
25. In the NMR spectrum of this unknown compound (NMR-8), no
aldehyde proton was observed, showing 5 6.69-6.71 (br s, 2H),
6.82-6.96 (br 2H), 7.70-7.81 (m, 4H), 8.22-8.26 (m, 2H),
8.93-8.96 (m, 2H). After accurate mass analysis, hvdrared
form of the dialdehyde, the structure of phenanthrene-9,10-
dicarbaldehyae hydrate (27) was proposed as the product. The
structure of 27 was also confirmed by DO exchange NMR
experiment; 1H NMR (NMR-9), 5 6.70 (s, 2H), 7.70-7.31 (m,
%
4H). 8.22-8.26 (m. 2H). 8.93-8.96 (m, 2H).
B. Condensation reaction approach
After the unsuccessful bis-Wittig reaction, .-we turned
our attention to another strategy in order to attempt the
synthesis of benzo[a]phenanthro[9,10-e]cyclooctene (7)•' The
key steD was a condensation reaction. An example in the
2 7




















The condensation of o-phthalaldehyde (14) with
o-phenylenediacetonitrile (28) in the presence of sodium
ethoxide yielded 47% of 3,8-dicyano-l,2:5,6-dibenzocyclo-
octene (29). Upon alcoholysis using absolute ethanol and
hydrogen chloride gas, 3,8-dicarbethoxy-l,2:5,6-dibenzo-
cyclooctene (30) was obtained. Acidification of the diester
30 gave 1,2:5,6-dibenzocvclooctatetraene-3,8-dicarboxylic
acid (31), which was decarboxylated using copper powder to
afford 1,2:5,6-dibenzocyclooctene (32).
A similar synthetic route was designed for the synthesis
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9,10 Bis(cyanomethyl)phenanthrene (33) was prepared from
9,10-bis(bromomethyl)phenanthrene (23) in only 28% yield.
The greenish-yellow crystals gave no sharp melting point and
seemed to sublime at c.a. 250 °C and gradually melted to give
a reddish liquid at 270-282 °C. 1H NMR (NMR-10), 5 4.28
(s, 4H), 7.76-7.80 (m, 4H), 8.09-8.12 (m, 2H), 8.77-8.81 (m,
2H).
The condesation reaction between 9 ,10-bis(cyanomethyl)-
phenanthrene (33) and o-phthalaldehyde (14) in the presence
of sodium ethoxide gave mainly a dark brown precipitate.
After filtration, the dark brown precipitate was collected
and the filtrate was extracted with chloroform. The compounds
present in the filtrate were carefullv separated bv
preparative thin layer chromatography on silica gel and six
fractions were collected. Upon spectroscopic analysis, one
of the compound was identical with the dark brown
precipitate. Furthermore, a very small amount (less than 1%
according to starting material) of yellowish oil was
obtained. This compound was confirmed to be 6,15-dicyano-
benzo[c]phenanthro[9,10-e]cyclooctene (34). 1H NMR (NMR-11),
5 7.12-7.25 (m, 4H), 7.70-7.75 (m, 4H), 7.92 (s, 2H),
8.10-8.14 (m, 2H), 8.67-8.70 (m, 2H). Due to the small
quantity of this compound, further identification and
synthetic process were hampered. We were interested in the
structure of the dark brown precipitate. The dark brown
compound has molecular mass peak equal to 354.0 in Its mass
spectrum, which was the same as the cyclooctatetraene 34.
After careful NMR study, the structure of the precipitate was












The NMR of the azaazulene 35 (NMR-12) was: 5 7.67-7.83
(m, 4H), 7.93-7.97 (m, 2H), 8.20-8.27 (m, 2H), 8.78-8.90 (m,
3H), 9.09 (s, 1H), 9.29 (s, 1H), 9.36-9.40 (m, 1H). The two
singlets presented in 5 9.09 and 9.29 are assigned as the
protons on the seven member ring, for all the ring systems in
azaazulene exhibit aromatic character.
The synthesis of azaazulene by condensation of
diacetonitrile and dialdehyde is a known procedure. Fieser
and Pechet also obtained a red by-product in their
preparation of 29. Nevertheless, they did not identify its
sturcture. In 1961, Schroth and Treibs claimed that the red
product was 3—cyano-1,2:6,7-dibenzo-4-azaazulene (33) 2.
The formation of azaazulene 38 has been proposed to
proceed via the cyanoindanonimine 36 as a reaction
intermediate, which reacted with o-phthalaldehyde (14),
presumably via the amine 37 to give the azaazulene 38,
(Scheme IX) 28.
According to Schroth and Treibs' proposition, the
formation of 3-cyano-6,7-benzo-l,2-phenanthro[I]-4-azaazulene
(35) was supposed to proceed via the cyanoindanonimine 39 as
an intermediate. Compound 39 might react further via either
path A or path B to provide 35 (Scheme X).
The preference for the formation of azaazulene 35 rather
than cyclooctatetraene 34 might again be attributed to the
high bond order of 9,10-bond of phenanthrene. The two
acetonitrile groups are too close so that intramolecular
cyclization might be enhanced.
C. Diels-Aider reaction- debromination reaction approach
Due to the failure of the second approach, we used an

















































cyclooctene (17). in the literature, dibenzo[a,e ]cyclooctene

















Under the treatment of lithium amalgam (0.5% lithium) in
ethereal solution, 1,2-bis(bromomethyl)benzene (42) and 1,2-
dibromo—1,2-dihydrobenzocyclobutene (43) were debrominated to
give reactive intermediates 1,2-guinodimethane (44) and
benzocyclobutene (45), respectively. Under refluxing
condition, thermal allowed [4+2] cycloaddition reaction
occurred to give tetrahydrobenzo[b]biphenylene (46). Benzylic
bromination using NBS and subsequent debromination again using
2 9
lithium amalgam yielded dibenzo[a,e]cyclooctene (32)
30
In 1985, Barton, Lee, and Shepherd shortened the
Nenitzescu et al. route by utilizing a bromine-containing
1,2-quinodimethane 49 component in the cycloaddition reaction
(Scheme XII), and indeed the 1,2-quinodimethane 49 and
benzocyclobutene (45) were generated by action of activated
zinc on 1,2-bis(dibromomethyl)benzene (48) and 1,2-dibromo-
1,2-dihydrobenzocyclobutene (43).
According to these procedures, 9,10-bis(dibromomethyl)-
phenanthrene (26) ana 1,2-dibromo-l,2-dihyaro-benzo-
cyclobutene (43) were used to prepare 17. Tetrabromide 26
was available according to scheme V. Dibromide 43 was
synthesized by debromination of 1,2-bis(dibromomethyl)benzene
3 1
(48) bv sodium iodide in DMF solution. After worked up
and ourified bv chromatography on silica gel using hexanes as

































Tetrabromiae 26 and dibromide 43 were dissolved in DMF
0 3 2
and heated to 100 C, activated zinc was added in one
portion. The reaction mixture was heated for one hour and
worked up. Since a complex product mixture was obtained, care¬
ful separation by column chromatography was necessary. Among
the products, only two main fractions were identified: one of
them was 9,10-dimethylphenanthrene {22), and the other one
was assigned as 1,4,4a,8b-tetrahyaro-2,3-phenanthro[I]-
biphenylene (SO). The structure of 50 was confirmed by an
independent synthesis (Scheme XIV), in which biphenylene 50
was obtained as the only product in 76% yield, mp 216.5-217.5
C. H NMR (NMR-14), 6 3.27-3.36 (ddd, 2H, J= 14.8Hz, 4.3Hz,
2.0Hz), 3.61-3.69 (dd, 2H, J=14.8Hz, 4.3Hz). 3.98-4.01 (m,












It was quite obvious that 9,10-dimethylphenanthrene (22)
and biphenylene 50 were the reduced products in the reaction
of tetrabromide 26 and dibromide 43 under the treatment of
activated zinc in DMF (Scheme XV). One would expect that the
reaction between tetrabromide 26 and activated zinc gave
quinomethane 52. A calculation on similar system using
MIND03, ST0-3G, and 4-31G methods, concluded that



























that the biradicaloid 51 was present as reaction intermediate.
The extremely unstable biradicaloid 51 would abstract hydrogen
atoms from the reaction mixture to give 9,10-bis(bromo-
methyl) phenanthrene (23) In the presence of zinc dust,
dibromide 23 would undergo debromination to give the
biradicaloid 53 as reaction intermediate. Biradicaloid 53
could either abstract hydrogen atoms to give 9,10-
dimethylphenanthrene (22) or react with benzocyclobutene (45)
to give 1,4,4a,8b-tetrahydro-2,3-phenanthro[I]biphenylene
(50). Nevertheless, the proposed explanation for the products
obtained as in scheme XV has not yet been proven by other
physical and chemical method. Moreover, the hydrogen source
has not yet been ascertained.
Besides using activated zinc in DMF as reagent and
solvent, we also applied sodium amalgam in diethyl ether at
room temperature. Tetrabromide 26 and dibromide 43 reacted
with sodium amalgam to give also 9,10-dimethylphenanthrene
(22) and biphenylene 50.
When dioxane was used as solvent, tetrabromide 26 ana
dibromide 43 reacted with zinc under ultrasound to furnish
no benzenoid product, but two phenanthrenoid products,
quinomethane 52 and phenanthrocyclobutene 54 were obtained.








D. Su1fenate-su1foxide [2,31 sigmatropic rearrangement-
syn elimination approach
3 7
In 1982, Reich and Wollowitz reported a method for
the 1,4-dehydration of allyl alcohols which gave 1,3-dienes.
The method involved treatment of allyl alcohol with
2,4-dinitrobenzenesulfenvl chloride (55) and triethylamine.
The general scheme is shown in scheme XVI. Under the reaction
conditions, the sulfenate ester first formed would undergo
[2,3] sigmatropic rearrangement to the isomeric allylic
sulfoxide, which was followed by thermal syn elimination to
give a diene.
3 6
In 1988, Wang and Paquette reported the use of this
method on the synthesis of cyclooctatetraene moiety. The
strategy involved an allylic alcohol which underwent
sulfenate-sulfoxide [2,3] sigmatropic rearrangement and syn
elimination to provide the bicyclo[4.2.0]octatriene
intermediate, which was followed by a disrotatory ring


























According to this strategy, the synthetic route was
designed, (Scheme XVIII). The starting material needed was
1,4,4a,8b-tetrahydro-2,3-phenanthro[I]biphenylene (SO).
Benzylic oxidation on biphenylene SO using pyridinium
chlorochrornate (PCC) in dichloromethane solution yielded
yellow crystalline solid of 1,4,4a,8b-tetrahydro-2,3-
phenanthro[I]biphenylene-l-one (56) in 74%, mp 224-225 °C.
1H NMR (NMR-15), 6 3.43-3.52 (dd, 1H, J= 17.1Hz, 6.9Hz),
3.96-4.04 (dd, 1H, J= 17.1Hz, 2.5Hz), 4.42-4.47 (m, 1H),
4.62-4.64 (d, 1H, J= 5.1Hz), 7.06-7.18 (m, 4H), 7.56-7.75 (m,
4H), 8.22-8.25 (m, 1H), 8.45-8.49 (m, 1H), 8.57-8.68 (m, 2H).
The ketone 56 was reduced by sodium borohydride in THF
solution, yielding white crystalline solid of 1,4,4a,8b-
tetrahydro-l-hydroxy-2,3-phenanthro[I]biphenylene (57) in
57%, mp 218-219 °C. 1H NMR (NMR-16), 5 1.63-1.64 (d, 1H, J=
2.24Hz), 3.18-3.28 (dd, 1H, J= 14.27Hz, 11.11Hz), 3.64-3.74
(ddd, 1H, J= 11.11Hz, 7.63Hz, 6.08Hz), 3.93-3.97 (t, 5.80Hz),
4.13-4.22 (dd, 1H, J= 14.27Hz, 7.63Hz), 6.39-6.42 (dd, 1H, J=
5.51Hz, 2.24Hz), 7.35-7.39 (m, 4H), 7.65-7.73 (m, 4H),
8.33-8.42 (m, 2H), 8.77-8.80 (m, 2H). The structure of 57
was confirmed by D20 exchange experiment. The NMR of the
deuterated compound 57 shows (NMR—17): 6 3.18— 3.28 (dd, 1H,
J= 14.27Hz, 11.11Hz), 3.64-3.74 (ddd, 1H, J= 11.11Hz, 7.63Hz,
6.08Hz), 3.93-3.97 (t, 5.80Hz), 4.13-4.22 (dd, 1H, J=
14.27Hz, 7.63Hz), 6.39-6.42 (d, 1H, J= 5.51Hz), 7.35-7.39 (m,

















The conversion of the 'allyl' alcohol 57 (9,10-bond of
phenanthrene behaves like a double bond) to 1,3-diene was
hence executed. Thus f the alcohol 57 was allowed to react
3 8
with 2,4-dinitrobenzenesulfenyl chloride (55) and
triethylamine in 1,2-dichloroethane solution at room
temperature for 3.5 hours. The reaction was monitored by
thin-layer chromatography. The turbid solution was refluxed
for 20 hours in order to complete the reaction. After
chromatography on silica gel, the most non-polar compound was
isolated and recrystallized from 95% ethanol, white needle
shape crystals were obtained and were identified to be
benzo[a]phenanthro[9,10-]cyclooctene (17) {58%), mp
238.5-239 °C. 1H NMR (NMR-18), 6 7.04-7.20 centered at 7.12
(AB q, 4H, JAB= 11.75Hz), 7.09-7.10 (m, 4H), 7.55-7.64 (m,
4H), 8.05-8.08 (m, 2H), 8.60-8.64 (m, 2H). (NMR-19, acetone-
d6), 6 7.09-7.26 centered at 7.18 (AB q, 4H, 11.75Hz),
7.12 (br s, 4H), 7.61-7.69 (m, 4H), 8.01-8.12 (m, 2H),
8.74-8.78 (m, 2H).
VI. Conclusion
The most challenging part in this project was the
9,10—bond of the phenanthrene moiety in IT. The failure of
some approaches was also due to the higher bond order of the
phenanthrene—9,10-bond. Research work is now in progess to
brominate the double bond of the cvclooctatetraene 17,
subsequent dehyarobromination might give the planar
dehydro[8]annulene 9 as shown in scheme II. There is still
ample challenge and amusement in the synthesis of 9,10,19,20-
tetradehydrodiphenanthro[9,10-a;9,10—e]cyclooctene (10).
Hopefully, the success in the preparation of 17 might enable
us to achieve the synthesis of 10 via similar strategy.
VII. Experimental Section
Microanalyses were performed by the microanalysis unit
of the Shanghai Institute of Organic Chemistry, Academia
Sinica. Melting point were determined on a hot-stage
microscope apparatus and are uncorrected. 1H NMR spectra
were recorded on a Bruker Cryspec WM250 (250MHz) spectrometer
or a Jeol JNX-PMX 60SI (60MHz) spectrometer. The samples
were run as solutions in CDCl (unless otherwise stated) at
ambient temperature and the chemical shifts are reported as
p.p.m. downfield (5 scale) from tetramethylsilane (Me4Si) as
internal reference. Mass spectra were obtained on a VG
Micromass 7070F spectrometer operated at 70 eV. IR spectra
were recorded on a Jasco A-100 infared spectrophotometer.
Analytical thin-layer chromatography was carried out on
thin layer of silica gel F254 (Merck) on aluminium.
Preparative TLC was carried out on 1.0 mm thick layers of
Merck Kieselgel 60 254 on 20x20 cm gass plates, and Merck
silica gel (70-230 mesh, unless otherwise stated) was used
for column chromatography.
All solvents used were redistilled or purified and dried
by standard methods. All solvents were removed under reduced
pressure. Solution in organic solvents were dried over
MgS0,H„0 or anhydrous sodium sulphate.4 2
9-Bromophenanthrene (19) 18
Phenanthrene (3, 150 g, 0.84 mol) was dissolved in CC1„
(200 mL), then heated the solution to reflux. Bromine (45
mL, 0.88 mol), in CC1A (45 mL) was added dropwise over a
period of half-hour. An inverted funnel which connected to
the reflux condenser was placed on the surface of aqueous
NaOH to absorb HBr gas evolved. The resulting solution was
refluxed overnight, then was allowed to cool to room
temperature. The solution was washed by saturated Na2S203
(2x100 mL) and water (100 mL). The organic layer was
collected, dried, and evaporated to give a brownish liquid.
The brownish liquid was vacuum distilled (0.1-0.2 mmHg),
distillate with boiling point 161-182 C was collected (lit.
0 18
177-190 C2 mmHg). The resulting crude yellowish solid
was recrystallized from acetone and 95% ethanol with a few
drops of hexanes, white crystals were obtained (19, 130 g,
60%) mp 62-63 °C (lit. 65-66 °C 18). 1H NMR (NMR-1), 5
7.4-7.8 (m, 5H), 8.0 (s, 1H), 8.2-8.7 (m,3H). MS rce=258.0
(M++2), 256.0 (M+), 177.1 (M+-Br). The white crystals were
dried under vacuum at 40 C overnight.
19
9-Methylphenanthrene (20)
9-Bromophenanthrene (19, 70 g, 0.27 mol) in dry diethyl
ether (100 mL) was added dropwise to magnesium (7 g, 0.29
mol) in ether (5 mL). The reaction was activated bv a,
catalytic amount of iodine. The heterogeneous mixture was
warmed till dirty brown mixture appeared. After all bromide
was added, dry benzene (100 mL) was added and then the
solution was refluxed for 4 hours. The flask was immersed in
an ice bath and excess dimethyl sulphate (70 mL, 0.74 mol) in
dry ether (70 mL) was added slowly. After all methvlating
reagent was added, the color of the solution was changed from
brownish to yellow. The resulting solution was again heated
to reflux for 3 hours and then was left stirring overnight.
The flask was coaled in an ice bath and dilute hydrochloric
acid (c.a. 10%, 100 mL) was added slowly. After layer
separation, the organic fraction was transferred back to the
flask and NaOH (10%, 100 mL) was added, the resulting
solution was heated to reflux for an hour. After cooling to
room temperature, the organic layer was washed with H0
(3x200 mL), dried, and evaporated. The resulting crude
yellowish solid was recrystallized from 95% ethanol to give
pale yellow crystals (20, 48 g, 91%), mp 86-88 °C (lit. 84-86
°C, 90-91 °C 2°). 1K NMR (NMR-2), 5 2.6 (s, 3H), 7.3-3.0 (m,
7H), 8.3-8.6 (m, 2H). MS me=192.1 (M'), 177.1 (M-CH).
2 1
9-Bromo-iO-methylphenanthrene (21)
9-Methylphenanthrene (20, io g, 0.052 mol) was dissolved
in drv CC1 (60 mL). Bromine (2.8 mL, 0.05 mol) in CC1 (10
mL) was added dropwise to the solution with stirring at room
temperature. After all bromine solution was added (c.a. 0.5
hour), the resulting solution was left stirring for 1.5 hour.
The solution was worked up by washing with saturated Na 9S909
(100 mL) and then 2 (2x100 mL). The organic layer
collected was dried and evaporated to give crude brownish
crystals. The crude product was recrystallized from 95%
ethanol to give orange-yellow crystals (21, 10 g, 73%), mp
119-121 C (lit. 119-120 C, 117-118 C). H NMR
(NMR-3), 6 2.8 (s, 3H), 7.3-7.6 (m, 4H), 7.7-8.0 (m, 1H),
8.2-8.6 (m, 3H). MS me=271.9 (M++2), 269.9 (M+) 191.0
(M+-Br). The crystals were dried under vacuum overnight.
9,10-Dimethylphenanthrene (22)
Oven-dried magnesium (3.5 g, 0.14 mol) was immersed in
dry ether (10 mL) and was activated by a catalytic amount of
iodine. 9-Bromo-10-methylphenanthrene (21, 30 g, 0.11 mol)
in dry ether (200 mL) was added dropwise to the activated
magnesium. The heterogeneous mixture was warmed until
reaction started. Undissolved 9-bromo-10-methylphenanthrene
(21) in the ethereal solution was dissolved in dry benzene
(100 mL) and added dropwise to the reaction flask. The total
time for bromide addition was approximate 2 hours. After all
bromide was added, the solution was refluxed for 5 hours.
Excess methyl iodide (50 mL, 0.8 mol) was added slowly to the
reaction flask which was cooled in an ice bath, and was then
warmed up slowly until reflux. After the solution was
refluxed for 9 hours, the flask was again cooled in an ice
bath, dilute hydrochloric acid (10%, 100 mL) was added slowly
to quench the reaction. The reaction mixture was washed with
10 (3x250 mL), dried and evaporated to yield pale yellow
solid. The crude product was recrystallized from 95% ethanol
to yield pale-yellow crystals (22, 21 g, 92%), mp 138.5-140 °C
(lit. 140.5-141 °C 21). 1H NMR (NMR-4), 5 2.5 (s, 6H),
7.3-7.5 (m, 4H), 7.7-3.1 (2H, m), 8.4-8.6 (2H, m). MS
me= 206.1 (M+) 191.1 (M+-CH3).
9, 10-Bis(bromomethyl)phenanthrene (23)
9, 10-Dimethylphenanthrene (22, 5 g, 0.02 mol) in CCl
(200 mL) was refluxed with illumination of a 200 W sunlamp
for 0.5 hour. Bromine (2.5 mL, 0.05 mol) in CCl4 (10 mL) was
added dropwise to the refluxing solution under illumination.
After all bromine solution was added, the resulting solution
was refluxed for 5.5 hours. After cooling to room
temperature, the dark brown solution was washed with saturated
NaoSo0o (200 mL) and H90 (2x200 mL). The organic layer was2 2 3
collected, dried, and evaporated to give crude brownish solid.
The crude product was recrystallized from CH2CI2 white
crystals (23, 6.8 g, 77%), mp 235.5—237.5 C. H NMR (NMR—5),
§ 5.13 (Sf 4H), 7.71—7.75 (m, 4H), 8.21—8.25 (m, 2H),
8.72-8.76 (m, 2H). MS me=366.0 (M++4), 364.0 (M++2), 362.0
(M), 285 (M -Br+2), 283 (M+-Br), 204 (M+-2Br); accurate mass
calcd for 2612r2 361.9306, found 361.9308. Anal. Calcd: C
52.75; H 3.32; Br 43.93. Found: C 52.65; H 3.27; Br 43.90.
Phenanthrene-9,10-bis(methylenetriphenylphosphoniurn bromide)
(16)
9,10-Bis(bromomethyl)phenanthrene (23, 9.3 g, 25.5 mmol)
was mixed with triphenylphosphine (14.8 g 56.4 mmol) and
dimethylformamide (DMF, 20 mL) was added to the mixture. The
resulting solution was refluxed for 5 hours, and then, DMF
was removed by vacuum distillation. Hexanes (2x20 mL) was
added to the resulting yellowish solid and the mixture was
refluxed for one minute. Hexanes solution was decanted when
still hot to remove any unreacted triphenylphosphine. The
resulting yellowish solid was transferred to a conical flask
by dissolving in acetone. Upon evaporation of acetone, white
precipitate formed. When no more precipitate formed upon
evaporation of solvent, the flask was cooled and white solid
was collected by suction filtration (caution! the solid
should not be air-dried under aspirator, for it would absorb
moisture from air and becomes viscous). The white solid
collected was dried under vacuum (16, 21 g 92%), mp
253-255 °C. 1H NMR (NMR-6), 6 5.3-5.6 (m, 4H), 7.2-8.1 (m,
36H), 8.5-8.7 (m, 2H).
o Xylylenebis-(triphenylphosphonium bromide) (24)
o Xylylenedibromide (42, 15 gf 56 mmol) and
tr ipheny lphosphine (32 g, 123 mmol) were dissolved in DMF
(120 mL). The resulting solution was refluxed for 3 hours.
After cooling to room temperature, the solution was allowed
to stand overnight in order to allow complete Drecicitation
of the product. The product obtained after filtration was
washed successively with DMF (2x50 mL) and ether (2x50 mL)
and was air-dried to give white solid. After
recrystallization from CHC13 acetone, white crystalline
solid was obtained (24, 49.6 g, quantitative), mp 300 °C
94
(lit. mp 340 C).
2 6
9, 10-BisCdibromomethyl)phenanthrene (26)
9, 10-Bis(bromoraethyl)phenanthrene (23, 1.0 g, 2.7 mmol)
was mixed with excess N-bromosuccinimide (5.5 g, 0.03 mol).
CCl (200 mL) was added to the reaction flask. The mixture
was heated to reflux under illumination of a 200 W sunlamp.
After refluxing for 10 hours, the solution was filtered when
hot and the precipitate was washed with hot CC1 (100 mL).
The collected CC14 solution was washed with saturated' Na2S203
(200 mL), then HO (2x200 mL). The organic fraction was
collected, dried, and evaporated to give crude brownish
solid. Recrystallization from CHCl3Et0H yielded yellowish
crystals (26, 1 g, 63), mp 234-235 °C (lit. 233-234 °C 26).
1H NMR (NMR-7), 5 7.66-7.83 (m, 4H), 8.00 (s, 1H), 8.06-8.11
(dd, 1H), 8.55( s, 1H), 8.73-8.80 (m, 2H), 9.30-9.35(dd, 1H).
MS me=526.0 (M++8), 523.9 (M++6), 521.9 (M++4), 519.9
(M++2), 517.8 (M+).
Phenanthrene-9,10-Dicarbaldehyde hydrate (27)
(a) 9,10-Bis(bromomethyl)phenanthrene (26, 40 mg, 0.07
mmol) and a large excess of potassium oxalate (150 mg, 0.8
mmol) were dissolved in' HO (5 mL) and dioxane (10 mL). The
solution was refluxed for 48 hours. After that, simple
distillation was employed to remove most of the dioxane, then
the solution was extracted with CHClg (3x20 mL). The organic
layer was collected, dried, and evaporated. The resulting
yellowish solid was recrystallized from EtOAc hexanes to
give yellow crystals (27, 12.5 mg, 70%), mp 208-210 C. H
NMR (DMF-d7, NMR-8), 5 6.69-6.71 (br s, 2H), 6. 8 2-6. 96 (br,
2H), 7.70-7.81 (m, 4H), 8.22-8.26 (m, 2K), 8.93-8.96 (m, 2H).
1H NMR (DMF-d7+ D20, NMR-9), 5 6.70 (s, 2H), 7.70-7.81 (m,
4H), 8.22-8.26 (m, 2H), 8.93-8.96 (m, 2H). Ir (IR-1), 3350
(br 0—H), 3220 (shoulder), 1700 (br). MS me=252.1 (M+),
234.1 (M+-H 0), 205.1 (M+ -H20 -CH0), 176.0 (M+ -H20- 2CH0);
accurate mass calcd for C16H1203 252.0781, found 252.0783.
(b) 9,10-Bis(dibromomethyl)phenanthrene [26, 0.2 g, 0.38
mmol) and a large excess of silver acetate (0.3 g, 1.8 mmol)
were dissolved in glacial acetic acid (20 mL). The mixture
was heated to reflux for 2 minutes. After cooling to room
temperature, water (10 mL) was added to precipitate silver
bromide. After removed of silver bromide by filtration, the
filtrate was evaporated under vacuum. The desired product
was obtained after chromatography on silica gel
(EtOAc:hexanes= 5:3 eluent). The hydrate 27 obtained was
identical with the product obtained by the above method, (36
mg, 40%).
9, 10-Bis(cyanomeihyl)phenanthrene (33)
Excess sodium cyanide (6.0 g, 0.12 mol) was dissolved in
THF (50 mL) and 10 (100 mL). The resulting solution was
heated to reflux. 9,10-Bis(bromomethyl)phenanthrene (23,
10.0 g, 27.5 mmol) in THF (250 mL) was added dropwise to- the
reaction flask over half an hour, then the mixture was
refluxed for two more hours. After cooling to room
temperature, the solution was poured into ice water (400 mL).
The yellowish precipitate formed was filtered and then
recrystaliized from methanol to give greenish-yellow needle
shape crystals (2 g, 28%). Upon melting point determination,
the color of the crystals changed to red at about 190 C,
then sublimed at about 250 °C, no sharp melting point could
be observed, the crystal gradually melted to give a reddish
liquid at the temperature range 270-282 °C. 1H NMR (NMR-10),
5 4.28 (s, 4H), 7.76-7.80 (m, 4K), 8.09-8.12 (m, 2H),
8.77-8.81 (m, 2H). Ir( IR-2), 2250 (C=N). MS me= 256.1
(M+); accurate mass calcd for C H10N 256.0998, found
256.1000. Anal. Calcd: C 84.35; H 4.72; N 10.93. Found: C
84.55; H 4.71; N 10.74.
6, 15-Dicyanobenzota]phenanthrot9,10-e]cyclooctene (34) and
3-Cyano-5, 7-benzo-1, 2-phenanthro[ 11 -4-azaazulene (35)
9,10-Bis(cyanomethyl)phenanthrene (33, 0.2 g, 0.78 mmol)
was mixed with o-phthalaldehyde (14, 0.12 g, 0.9 mmol) under
nitrogen atmosphere and then dissolved in absolute ethanol (4
mL) and dried THF (10 mL). The solution was heated to
reflux. Freshly prepared sodium ethoxide solution (10% in
ethanol, 0.24 mL) was added dropwise. The resulting solution
was refluxed for one minute and stirred at room temperature
for 2 hours. After then, the yellowish solution with dark
brownish precipitate was poured into ice water (100 mL) and
the dark brown precipitate was filtered. The filtrate was
saved and the brownish precipitate was recrystallized from
CHC1« hexanes to provide brownish crystals (35, 0.15 g,
54%), mp 290 °C. 1H NMR (NMR-12), S 7.67-7.83 (m, 4H),
7.93-7.97 (m, 2H), 8.20-8.27 (m, 2H), 8.78-8.90 (m, 3H), 9.09
(s, 1H), 9.29 (s, 1H), 9.39-9.40 (m, 1H). Ir (IR-3), 2200
(C=N). MS me= 354.0 (M+). Anal. Calcd: C 88.11; H 3.98; N
7.90. Found: C 88.10; H 3.86; N 8.03.
The filtrate saved was extracted with CHC13 (3x100 mL),
the organic fraction was dried and evaDorated.
Chromatography on silica gel -(230— 400 mesh, EtOAc: hexanes=
1:1 eluent) gave azaazulene 35 and trace amount of oily
6, 15—dicvanobenzo[a]phenanthro[9,10—e]cyclooctene (34). 1H
NMR (NMR-11), 5 7.12-7.25 (m, 4H), 7.70-7.75 (m, 4H), 7.92




1,2-Bis(dibromomethvl)benzene (48, 3.0 g, 7.1 mmol) was
mixed with excess sodium iodide (9.0 g, 60 mmol) under
nitrogen and DMF (60 mL) was added as, solvent. The
suspension was heated to 60-65 C for 6 hours. The resulting
solution was cooled to room temperature and poured into H 0
(100 mL), 10% sodium bisulfite (5 mL) was added dropwise with
stirring to reduce all iodine present. The resulting
solution was extracted with CHC13 (3x100 mL), and the organic
fraction was dried and evaporated. Chromatography on silica
gel (hexanes eluent) yielded white crystals (43, 1.4 g, 75%).
mp 43-45.5 °C (lit. 50-51 °C 31). 1H NMR (NMR-13), 5 5.4-5.5
(m, 2H), 7.1-7.6 (m, 4H). MSme=264.0 (M+).;
1, 4,4a,8b-Tetrahydro-2,3-phenanthrofI]biphenylene (50)
9,10-Bis(bromomethyl)phenanthrene (23, 1.35 g, 3.7 mmol)
and 1,2-dibromo-l,2-dihydrobenzocyclobutene (43, 0.9 g, 3.4
mmol) were dissolved in DMF (30 mL) under nitrogen atmosphere.
The resulting solution was heated at 100 °C and activated zinc
32
(1.35 g) was added to the solution in one portion. The
heterogeneous solution was heated at 100 °C for 1 hour. After
cooling the solution to room temperature, the excess zinc ana
zinc bromide were filtered. The filtrate was washed with HO
(50 mL) and the organic fraction was collected, dried, and
evaporated by vacuum distillation. Yellowish solid obtained
was purified by chromatography on silica gel (EtOAc:hexanes=
1:30 eluent). White solid obtained was recrystallized from
CHClg hexanes to give white crystals (SO, 0.8 g, 76%), mp
216.5-217.5 °C. 1H NMR (NMR-14), 5 3.27-3.36 (ddd, 2H, J=
14.8Hz, 4.3Hz, 2.0Hz),' 3.61-3.69( dd, 2H, J= 14.8Hz, 4.3Hz),
3.98-4.01 (m, 2H), 7.00 (br s, 4H), 7.54-7.65 (m, 4H),
8.20-8.24 (m, 2H), 8.66-8.70 (m, 2H). -MS me=306.1 (M+);
accurate mass calcd for 2418 306.1404, found 306.1394.
Anal. Calcd: C 94.08; H 5.92. Found: C 93.83; H 5.86.
1 ?44a, 8b-Tetrahydro-2,3-phenanthrot ]biphenylene-1-one (56)
1,4,4a,8b-Tetrahydro-2,3-phenanthro[I]biphenylene (50,
0.2 g, 0.6 mmol) was mixed with a large excess of pyridinium
chlorochromate (PCC, 1.3 g, 5.8 mmol). To the mixture,
dichloromethane (20 mL) was added, and the suspension was
refluxed for 20 hours. After cooling to room temperature, the
dark brown suspension was washed with dilute HC1 (c.a. 10%,
50 mL) and H20 (50 mL). The organic layer was dried, and
evaporated to give a brownish solid. The crude product was
purified by chromatography on silica gel (EtOAc:hexanes=
1:10 eluent) to give yellowish solid. After recrystallization
from CH2C12 hexanes, yellowish crystals were obtained (56,
0.14 g, 74%), mp 224-225 °C. 1H NMR (NMR-15), 6 3.43-3.52
(dd, 1H, J= 17.1Hz, 6.9Hz), 3.96-4.04 (dd, 1H, J= 17.1Hz,
2.5Hz), 4.42-4.47 (m, 1H), 4.62-4.64 (d, 1H, J= 5.1Hz),
7.06-7.18 (m, 4H), 7.56-7.75 (m, 4H), 8.22-8.25 (m, 1H),
8.45-3.49 (m, 1H), 8.57-8.68 (m, 2H). Ir (IR-4), 1650 (C=0).
MS me=320.4 (M+), 291.4 (M+-C0). Anal. Calcd: C 89.97; H
5.03; 0 4.99. Found: C 89.93; H 5.08.
1 4 4a, 8b-Tetrahydro-i-hydroxy-2,3-phenanthro[ I]biphenylene
(57)
To 1,4,4a,8b-Tetrahydro-2,3-phenanthro[I]biphenylene-1-
one (56, 140 mg, 0.44 mmol) in THF (15 mL), was added a large
excess of sodium borohydride (66 mg, 1.7 mmol). The
resulting solution was refluxed for 20 hours. After cooling
to room temperature, the solution was diluted with ether (30
mL) and washed with JO (50 mL). The aqueous extract was
again extracted with ether (2x50 mL). The combined organic
fraction was dried and evaporated. The crude product was
purified by chromatography on silica gel (EtOAc:hexanes= 1:5
eluent) and recrystallization. from GHCl hexanes to give
white needle crystals (57, 80 mg, 57%), mp 218-219 °C. hi
NMR (NMR-16), 5 1.63-1.64 (d, 1H, J= 2.24Hz), 3.18-3.28 (dd,
1H, J= 14.27Hz, 11.11Hz), 3.64-3.74 (ddd, 1H, J= 11.11Hz,
7.63Hz, 6.08Hz), 3.93-3.97 (t, 1H, 5.80Hz), 4.13-4.22 (dd,
IH, 14.27Hz, 7.63Hz), 6.39-6.42 (dd, 1H, J= 5.51Hz, 2.24Hz),
7.35-7.39 (m, 4H), 7.65-7.73 (m, 4H), 8.33-8.42 (m, 2H),
8.77-8.80 (m, 2H). 1H NMR (CDC13+ D 0, NMR-17), 5 3.18-3.28
(dd, 1H, J= 14.27Hz, 11.11Hz), 3.64-3.74 (ddd, 1H, J=
II.11Hz, 7.63Hz, 6.08Hz), 3.93-3.97 (t, 1H, 5.80Hz),
4.13-4.22 (dd, 1H, 14.27Hz, 7.63Hz), 6.39-6.42 (d, 1H, J=
5.51Hz), 7.35-7.39 (m, 4H), 7.65-7.73 (m, 4H), 8.33-8.42 (m,
2H), 8.77-8.80 (m, 2H). Ir (IR-5), 3400 (0-H). MSme=322.4




biDhenylene (57, 20 mg, 0.06 mmol) was dissolved in
1,2-dichloromethane (10 mL) with 2,4-dinitrobenzenesulfenyl
chloride 38 (55, 66.8 mg, 0.28 mmol)'. Upon stirring at room
temperature, triethylamine (0.05 mL) was added dropwise by a
syringe to the solution. The resulting solution became
turbid after one minute and was stirred at room temperature
for 3.5 hours. The solution was then heated up to reflux for
20 hours. The resulting solution was cooled to room
temperature, evaporated and the residue was adsorbed on
silica gel (70-230 mesh). Chromatography on a short column
(EtOAc:hexanes= 1:25 eluent) gave white needle-shaped
crystals as the most non-polar product (i7A 11 mg, 58%), mp
238.5-239 °C. 1H NMR (NMR-18), 5 7.04-7.20 centered at 7.12
(AB q, 4H, JAB= 11.75Hz-), 7.09-7.10 (m,. 4H), 7.55-7.64 (m,•
4H), 8.05-3.08 (m, 2H), 8.60-8.64 (m, 2H). MS me=303.8'
(M). H NMR (acetone-d, NMR-19), 5 7.09-7.26 centered at
7.18 (AB q, 4H, 11.75Hz), 7.12 (brs, 4H)r 7.61 ,59 (m,
4H), 8.01-3.12 (m, 2H) 8.74-8.78 (m, 2H). Anal. Caicd: C
94.70; H 5.30. Found: C 94.78; H 5.21.
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